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CEAPTER 1. SCOPE AND PURPOSE

The Air Resources Board (ARB) is required to maintain an
inventory of air pollutant emissions by category of emitters;
typical process categories are shown in Table 1-1. Utility
equipment is an important class in the group called "Other Mo-
bile Sources" and is the subject of this study. In the para-
graphs which follow the utilify equipment\category is defined,
the current invenfory methodology is described and the objec-

tives of the study are summarized.
DEFINITION OF UTILITY EQUIPMENT

The definition of utility equipment is derived from the
definition adopted by the Bureau of the Census and modified by
the Mobile Source Control Division staff of the ARB for use in
emission inventories. The category includes equipment powered
by internal combustion engines, but excludes all electrically
powered devices since they are virtually non-polluting. The
utility equipment category excludes all equipment powered by
engines of more than 25 horsepower because they fall into one
of the following categories:

On-road vehicles

Off-road vehicles

Mobile equipment

Fuel combustion, other mfg/ind.

Fuel combustion, other services and commerce
Miscellaneous processes, farming operations

Miscellaneous processes, construction and
demolition



Table 1-1

EMISSION INVENTORY CATEGORIES

STATIONARY SOURCES STATTONARY SOURCES (Cont'd.)

Fuel Combustion

Agricultural

0il and Gas Production

Petroleum Refining

Other Mfg./Ind.

Electric Utilities

Other Services and
Commerce

Residential

Other

Pesticide Application

Farming Operations
Construction and Demolition
Entrained Road Dust - Paved
Entrained Road Dust - Unpaved
Unplanned Fires

Solid Waste Landfill

Other.

MOBILE SOURCES

Waste Burning

Agricultural - Debris
Range Management
Forest Management
Incineration

Other

Solvent Use

Dry Cleaning
Degreasing
Architectural Coating
Other Surface Coating
Asphalt Paving
Printing

Domestic

Industrial Solvent Use
Other

Petroleum Process, Storage
and Transportation

Oil and Gas Extraction
Petroleum Refining
Petroleum Marketing

Industrial Processes

Chemical

Food and Agriculture
Mineral Processes
Metal Processes

Wood and Paper

Other

" On Road Vehicles

Light-Duty Passenger

Light- and Medium-Duty Trucks
Heavy-Duty Gas Trucks
Heavy-Duty Diesel Trucks
Motorcycles

Other Mobile

Off-Road Vehicles
Trains

Ships

Aircraft - Government
Aircraft - Other
Mobile Equipment
Utility Equipment |




The utility equipment group is divided into three main cate-
gories: (1) lawn and garden, (2) chain saws, and (3) home
utility. The lawn and garden category includes walk-behind
mowers, riding mowers/lawn tractors, garden tractors, edgers,
trimmers, blowers, and other miscellaneous lawn and garden
implements. The chain saw category includes all gasoline-
powered chain saws. The home utility category is a misnomer
because it includes equipment that is used commercially as
well as at home. It includes pumps, genefators, compressors,
grinders, refrigeration units, welding machines, and other
miscellaneous utility engines.

Utility equipment may be used by households or commercial
establishments. In general, the category includes all small
gasoline-powered equipment except for off-road mobile sources

such as mopeds, snow-mobiles, and the like.
CURRENT INVENTORY METHODOLOGY

Ideally, an inventory of emissions from utility equipment
usage should be compiled from data on equipment population in
California counties, usage of each type of equipment, and emis-
sion factors for each type of equipment. Unfortunately, the
only information available prior to this study was equipment
sales for the entire United States and usage and emission fac-
tor data for a very small sample of equipment. Theré are no

specific data from California. The existing CARB inventory



was compiled from published data by making certain assumptions

that are described in the following paragraphs.

Equipment Population

The Bureau of the Census15 publishes yearly figures on the
number of internal combustion engines under 50 hp that are pro-
duced in the U.S. The number of enginés used in lawn and garden
equipment is also given, and chain saws are identified as a
percentage of the lawn and garden total. ~Information on ship-

4

ments of specific categories of lawn and garden equipment is

published in other Census Bureau documents].'4’16

This informa-
tion is not broken down into shipments to individual states

but is given for the nation as a whole. Some method must be
devised for estimating the California portion of the total U.S.
shipments before this Census Bureau information can be utilized.
The ARB staff estimated the percentage of total U.S. shipments
coming to California for the following types of equipment:
walk-behind power mowers, riding mowers/lawn tractors, garden
tractors, tillers, miscellaneous lawn and garden, chain saws,
and general utility. To accomplish this they used information
from the Engine Manufacturers Association (EMA) and the Outdoor
Power Equipment Institute (OPEI) as well as their own best

1,5,6

judgment. From these data the ARB staff computed the an-

nual California sales of each type of equipment for each year

from 1964 to 1980.
In order to calculate the equipment population from yearly

sales data, some estimates of equipment life and attrition were

44—



needed. Separate attrition factors were developed for residen-
tial and commercial usage. The lawn and garden factors were
based on an industry marketing study that showed that lawn mow-
ers were replaced every five to six years. Factors for chain
saws were based on a consultant's report to the Consumer Product
Safety Commission that gave a five-year life for chain saws.9
The same factors were also used for the miscellaneous lawn and
garden category. Factors for commercial riding mowers and til-
lers were developed by the ARB staff. The attrition curves
were applied to phe yearly saies data to derive the equipment
population figures shown in Table 1-2. This whole process is
quite tedious since it involves applying 12 attrition factors
to sales data for each of 17 years and summing the results for

each equipment category.

Process Rate

Hourly use rates for each type of equipment must be known
before emissions can be computed. Usage (process rate) is tab-
ulated in Hp hours because emission factors, from which emis-

sions are computed are expressed as 1b/103

HP hr. 1In additionm,
usage is computed separately for 4-stroke and 2-stroke engines
because there are two separate emission factors for these en-
gine classes. Therefore, to completely define usage, it is
necessary to know the horsepower rating and load factor of the
equipment as well as the number of hours it is used.

Hours of use each year were estimated by the ARB staff from

published data, in-house surveys, and information presented
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at workshops. Estimates were made for residential and commer-
cial use. The data base ranged from results of informal sur-
veys of less than a dozen respondents in any category to esti-
mates based on judgement alone. The estimated values are shown
in the first five columns of Table 1-3.

Average horsepower ratings and load factors for each equip-
ment category were derived from data presented by the EMA and
OPEI at workshops held by CARB in August 1980;6 and June 1981,5
and from information published:in "Lawn and Garden Marketing"
magazine.

The process rate for each equipment category, expressed
as HP hr/yr for a single unit of equipment, can be computed
from the information in columns one through six of Table 1-3.

Process rates are computed separately for residential and com-

mercial usage.

Emission Factors

Emission factors were taken from AP—4217 which is based on
experimental work carried out by the Séuthwest Research Insti-
tute8 (SWRI). Five engines were tested: One 2 Hp 2-stroke
engine, and four 4-stroke engines ranging from 3.5 to 18 HP.
The engines were operated on small electric dynamometers at a
variety of speeds and load conditions. The tests were not in-
tended as a statistical sample of engines and use patterns.

For purposes of determining emission factors, composite emis-
sions from a 13-mode test were‘used; and engine groups were de-

fined as follows:
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Lawn and garden, 2-stroke 100% Tecumseh AHSZO‘Type-l448
Lawn and garden, 4-stroke 907 Briggs & Stratton 92908
107 Briggs & Stratton 100202
Miscellaneous, 4-stroke 107% Briggs & Stratton 92908
14% Wisconsin S-~12D
74% Briggs & Stratton 100202
2% Kohler K482
The emission factors for these three categories are summarized
in Table 1-4. The SWRI study also determined evaporative emis-
sions as a function of fuel voiatility and the number of tank

fillings per year, but for reasons given on page 82 they will

not be discussed in this study.

There are no emission factors for chain saws given in AP-42,
so the ARB staff used factors from the AESI study of three saws.2
Emissions were measured as the saws were being used to cut 10"
logs. Horsepower ratings for these saws were estimated by AESI
to be 5.5, 6, and 6, which differs substantially from the cur-
rent ARB estimate of 3.0 (see Table 1-3). The emission factors
in Table 1l-4 appear to have been derived from the AESI factors

by assuming a 3 HP rating for the average chain saw.

Computation of Emissions

Emissions are traditionally computed for each of the equip-
ment categories shown in Table 1-3. However, emission factors
were developed for somewhat different categories of équipment
as shown in Table 1-4. The ARB staff reconciled these two sets

of categories by making the following assumptions:
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1. 4% of each subcategory of lawn and garden equipment
has 2-stroke engines; the remainder is 4-stroke.*

2. The emission factor for "lawn and garden, 4-stroke"

1s representative of all the lawn and garden sub-
categories.

3. The emission factor for '"Miscellaneous, 4-stroke"
1s representative of the "home utility" category

The statewide emissions for each equipment category were com-
puted from equipment population data from Table 1-2, process

rate data from Table 1-3, and emission factor data from Table
1-4. Sample calculations are ghown in Table 1-5. Numerical val-
ues expressed as fons/year are shown in Table 1-6. Emissions

of particulates and sulfur oxides are generally negligible.
Emissions of other pollutants are small but in some situations.
may be of sufficient significance to justify efforts to improve

the accuracy of the estimates.
OBJECTIVES OF THIS STUDY

The purpose of this study is to provide "hard" data on
utility equipment use in California with particular emphasis
on household and commercial equipment population and usage pat-
terns. As discussed earlier in the chapter, the existing in-
ventory is based on a reasonable, but completely subjective
division of equipment into household and commercial categories.
Usage patterns are based on extremely small samples or are esti-

mated without any data at all. The equipment populations are

estimated from yearly sales data and manufacturers’ estimates of

In the opinion of the authors, all 2-stroke engines should

have been assigned to the walk-behind mower, edger/trimmer, and
miscellaneous categories.

-11-



Lxewolsno ST 3T

‘3jueanyiod

PaITSap 9yl I0J Io03oey
uoTssTwa asn 3dedxs suoqaed
-oapdy 103 s 931BINDIED

‘1 20UPI9FBL pUB YO IBISSY DIH IVANOS

.mmﬂuoucw>cﬂ.uwce 103 avof/suo3 10 Aep/suoj 03 3A9AUOD 07

capok/swei8 ur SuoTssTWS aATS TTIA ‘umoys se ‘suorieindwod Iyl
. . X

r N
_N.mﬂ_ﬁﬁo.NN@VAm¢qmva + (0" %%1) (1SLT8€E
ﬂm.@HH wO.oqNVAmOHmmV + (0°ST) (VLELES)
.ﬁAmm.VAw.va + (70°) (#12)| [(0°TLT) (€8%9€) + (T 0T) (80596L)

—
o

(€967 (z 62y + -(v0") (v10d | [ 24D (15890) + (3°82) (£7996)
ﬁAom.VAN.mNV + Aqo.VAqﬁwvwmw.mmm.aVANmﬁqv + (9°%6T1) (6€€22)
(96°)(z°€2) + Aqo.vA¢vawmo.aho.HVAN¢mHHv + (7°€0T) (6%%09)
(967 (2 €2) + Aqo.VA¢HNvgmAﬂ.oquAooNva + (9°2€) (evZv10T)

U

=
| Ve | et

0) ¥oN ¥ps 1aBg

4317730 SWOH
SMES UTIBYD

uapaes
puB umeT °"9SIH

SIBTITL
81030811 USPIBYH

sxamol] 3uTpTy

SI3MOH PUTYSE-ATEM

SU0qQIBD0IpPAH %103a38) jusmdinby

~
éHOuomm =0Hmmﬁaw_ ﬁhmumn ss900ad ‘mmos) (dod mmod) 4 (938 mmmuoun.monuﬂmom.wmuM_

XAMOLINIANI 6£61 ¥O0d SNOILVINDTIVO xSNOISSIWA

S-T 21981

-12-



£103U8AUT UOTSSTIWH /6T ‘PIBOY S90INO0S9Y ATY BTUIOFITB) :9DINOS

‘umnTod STY3 UT PO3ST] SUOQIBO0IPAY 3ISNBYXS 9yl 03
UOTITPPR UT ABoL/SU0} 899 ©¢ O3 POJBWIIS® 29I SUOTSSTWD aaTIeIodRAF

3%

SL0‘%T  $911082380 1% JO TB30L

€L9°6T1T 6TL°T 0TI LYY
8G¢€ ‘8¢ 2% B 61 769 ¢ ALITIIN AWOH
T6%°6 €1 g 967 GGL'W - SMVS NIVHD
LES*Y 69 9 T 6EY | SNOSUBTTEOSTIH
6706 s ! €1 499 SISTTTL
0Ew‘ € L€ S 6 GLE §1030®81] U3pIBY
766" L L8 1T 0t 718 csmﬁ\muowwmpmMMwﬂm
718 °0€ 2 1% 3L 69€°€ sIomow purysq-}TeM

NAQYVD ANV NMV'I
00 X0ON X0s 18vd  OH K10%8938)

(B9} /Ssuoy)

66T NI SNOISSIWA HAIMAIVIS

9-T °19EL

-13-



equipment lifetimes based on some assumed use battern. The ARB
staff developed attrition curves for equipment in residential
and commercial use using the manufacturers' estimates as a
starting point, and applied these attrition curves to sales
estimates to calculate equipment populations. This study will
provide an independent measure of equipment attrition rates.

The major data items sought in this study are_as follows:
(1) types of equipment used by households and residences; (2)
engine type and HP rating; (3) annual usage (in hours); (4) age
of equipment; (5) annual fuel usage; and (6) appropriate demo-
graphic data to expand the sample to the general population.
Information on emission factors, load factors, and other re-
lated topics will be obtained from published sources, the En-
gine Manufacturers Association, the Outdoor Power Equipment
Institute, and the Air Resources Board staff. The final pro-
duct of this study is to be an inventory, by county, of emis-
sions from utility equipment and a recommended methodology for
updating the inventory using published information.

This report contains summaries of the collected data. The
complete data have been submitted separately to the ARB in
the form of a data tape and hard-copy printouts of the tape.
In addition, a collection of computer printouts, produced by
analyzing the data tape using the SPSS computer program, have

also been submitted to the ARB as a separate data book.

-14-
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CHAPTER 2.

Two distinctly separate surveys were conducted to acquire
the data required for this study. A telephone survey of a sta-
tistical sample of households was carried out to determine
household equipment populations and use patterns. A mail sur-
vey of representative businesses was carried out to identify
and characterize equipment usé by various occupations such as
gardeners, carpenfers, etc. The survey procedures and results

are described in the remainder of this chapter.
HOUSEHOLD SURVEY PROCEDURES

The survey involved a telephone interview of a random
sample of 1,926 households in California. The households were
apportioned among 22 selected counties according to the square
root of the number of housing units in each county to lessen
the dominance of very populous counties, and one quarter of the
allotted interviews were made in each season -- fall, winter,
spring, and summer. The selected counties and their allocated
interviews are given in Table 2—1. Eighty—nine percent of the total
households in the State were located in the areas covered by the
survey. The number of interviews per county ranged from 37 to 280.
The sample size was large enough to provide very accurate infor-
mation for the State as a whole and to identify differences among

three major areas of the State (Bay Area, South Coast, and Central

-15-
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Valley), but the sample was too small to differentiate among indi-
vidual counties. Interviews were conducted in four seasonal waves
eliminate the bias that ﬁight otherwise have resulted from the
respondent's tendency to report his usage of equipment at the
time of the interview rather than the average usage for the
whole year.

Telephone numbers for the survey were compiled by the CIC
computer program that generates random four-digit numbers and
allocates them to three-digit prefixes according to the numbers
of households assigned to each prefix. This procedure provides
a sample of households with unlisted as well as listed phone
numbers. Interviews were conducted between 4:00 and 9:00 p.m.
on weekdays and between 10:00 a.m. and 6:30 p.m. on weekends.
Each seasonal wave of interviews was completed in less than ten
days. Four attempts, at different times and different days,
were made to reach each number. If no answer was obtained, or
if the telephone number was for a business instead of a house-
hold, a new random number was selected to replace the first one.
The procedure was continued until the assigned number of house-
holds had been interviewed in each county.

The housghold questionnaire is shown in Appendix A. 1In
brief, each respondent was asked to indicate the items of util-
ity equipment that he used and to provide information on the
use patterns and age of the equipment. In addition,qsome demo -

graphic information was collected to characterize the household
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and permit a comparison with published demographic data. Inter-
viewers were instructed to assist the respondent in assigning
equipment to the current categories (i.e., distinguishing riding
mowers from garden tractors) and to encourage the respondent to
go and look at equipment and report back on horsepower, fuel
tank capacity, etc., if he did not know it. Respondents were
generally very cooperative and tried to give accurate informa-
tion.

The household questionnaire contained one question about
the use of utility equipment on the job by any member of the
household. This question was really a part of the commercial
survey and will be discussed in a subsequent section of this
chapter.

As the household questionnaires were completed, the res-
ponses were edited and coded. During this step, the numerical
responses were reviewed and, if necessary, converted to the
proper units for coding. For example, fuel tank capacities
were always expressed in quarts, usage was expressed as times
per month, and use periods were expressed in hours. Horsepdwer
ratings were checked to see that they fell into the appropriate
range for the type of equipment and the model. After the
coding and keypunching were completed, the comphtér‘printout
of responses was 100 percent verified on an item-by-item basis

to insure that all items were accurately coded and keypunched.
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Before any computations of utility equipment prevalence
and usage were undertaken, the demographic ihformation from the
questionnaire was compared with published information. Three
variables were selected for comparison: (1) type of dwelling,
(2) owned or rented, and (3) expected household income for 1982.
The comparison of the survey results and published data'is
shown in Table 2-2. Conventional statistical tests weré carried
out to determine whether the survey results were the same or
different from the published ;nformation. The distributions of
dwelling types and incomes we;e found to match at the 99 percent
confidence level, but the proportion of owned and rented dwell-
ings were found to be different (at the 997 confidence level).
The survey included a smaller proportion of rented dwellings than
should have been found. Since the survey also showed that utility
equipment prevalence rates were different for owner occupied and
rental units, it was necessary to compute correction factors to
adjust the prevalence to correspond to the true owner/rental dafa.
These factors are explained in detail in Appendix B. All preva-

lence rates quoted in this chapter have been corrected.

HOUSEHOLD SURVEY RESULTS

.Equipment Prevalence Rates

The prevaleﬁce rates (number of units per household) are
given in Table 2-3 for each type of equipment identified. Walk-
behind mowers are by far the most prevalent and are followed by
chain saws, edgers, and tillers. These types of equipment are
more prevalent in the Central Valley than in the Bay Area or

-19-
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the South Coast. For other types of equipment -- riding mowers,
garden tractors, blowers, shredders, generators, compressors,
etc.,-- the number of units identified was too small to provide
statistically significant prevalence rates by area. Prevalence
rates could be obtained, however, for the State as a whole.

The proportion of two-cycle to four-cycle mowers was 1/1.79 for
the entire State, 1/1.70 for the Bay Area, 1/1.51 for the Cen-
tral Valley, and 1/2.04 for the South Coast. These proportions
are substantially different from the 1/24 proportion that is
assumed in the ARB inventory for the entire Lawn and Garden
category. The responses to the survey question on two-cycle

vs. 4-cycle engines are belived to be reliable because the re-
plies were consistent in each survey wave and the corresponding
responses were correct for chain saws, which are entirely two-
cycle. CIC belives that this survey indicates that there is a
significantly greater proportion of two-cycle lawn mowers in use
than had previously been supposed. The impact of this finding
on pollutant emissions will be discussed later when the compu-

tations of emissions are presented.

Equipment Populations

The actual numbers of utility equipment units may be com-
puted by applying the prevalence rates from Table 2-3 to the
numbers of households in the areas of interest. Data on num-
bers of households by county were available from the State Cen-

sus Data Center for 197912 but not for 1981/1982, the years of
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interest. The 1979 data were updated to 1981 by applying a
growth factor for the State as a whole that was obtained from
1980 State-wide census data and a growth estimate obtained

.ll The household esti-

from National Decisions Systems, Inc
mates are shown below in Table 2-4. A growth factor of 1.0141
was applied to the 1979 data.

Table 2-4

HOUSEHOLDS IN STUDY AREAS

1979 1981

Census Estimate
California 8,644,633 8,766,000
Bay Area 1,973,880 2,002,000
Central Valley 964,893 978,000
South Coast 4,817,980 4,886,000

When the prevalence estimates of Table 2-3 are combined with the
numbers of households from Table 2-4, the number of utility

equipment units can be computed. The results are shown in Table
2-5. These numbers will be compared with the ARB invehtory.esti-
mates in a later section of the report which will deal with com-

mercial as well as houshold estimates.

Alternative Methods of Computation

The prevalence rates (see Table 2-3) were computed as equip-
ment units/household for three different areas of the State.
However, other systems might have been used such as units/owner

occupied housing units, or a single prevalence rate might have

-23-
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been derived for the State as a whole. It is appropriate to
examine the consequences of some alternative methods of ex-
pressing prevalence rates and estimating equipment populations.

Households vs. Owner Occupied Housing Units. Prevalence

rates were computed separately for owner occupied and rental
housing units. These are shown in Table 2-6. Although owners
use from two to three times as many units of equipment as rent-
ers, there is a significant population of utility equipment in
rental households that cannotdbe ignored. The prevalence rates
in Table 2-3 are consistent with the renter/owner proportions in
1980 for the State as a whole and in 1979 for each of the sub-
areas (the most recent published data). If the proportion of
renters/owners is predicted to change in future years, the prev-
alence rates should be corrected for this fact using the method

described in Appendix B.

Single Statewide Prevalence Rate vs. Separate Area Rates.

It is evident from an examination of Table 2-3, that higher
prevalence rates are found in the Central Valley than in the
more urban South Coast and Bay Areas. For example, the preva-
lence rate for lawn mowers is 61 percent higher in the Central
Valley than in the South Coast. Since there are approximately
five times as many households in the South Coast as in the Cen-
tral Valley, the impact on a statewide inventory would not be
great, but the difference is significant at the county level.
Since separate prevalence rates for the various areas are avail-
able from this study, it is suggested that they be used in com-

puting equipment populations; however, a single urban rate could
-25-
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be derived by combining the data for the South Coast and Bay
areas, if desired. The prevalence rate fqr the Central Valley
could be considered as a rural rate and used for all counties
that are predominately agricultural or rural. This is dis-

cussed in more detail in Chapter 4 of this report.

Horsepower Ratings

Average horsepower ratings for utility equipment in use
by households is shown in Table 2-7. Ratings are broken down
by geographic areas whenever the sample size is large enough to
permit it. The horsepower ratings are reasonable and do not
vary appreciably from one area of the State to the next. The
significance of these results will be discussed in a later sec-
tion along with the corresponding results from the survey of

commercial equipment.

Annual Equipment Usage

The reported hours of annual use are given in Table. 2-8
for the State as a whole and also for the separate study areas.
Confidence intervals (99%) are shown for each usage estimate.
There is some published evidence > to suggest that equipment
operators tend to overestimate the time of use of equipment that
is frequently turned on and off -- for example, chain saws.
There is no precise way of adjusting the survey results to re-
flect this bias, but the reader should assume that tﬁe'usage
data of Table 2-8 represent maximum values. There are substan-

tial differences in equipment usage in various areas of the
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State that seem to be consistent with known differences in life-
style. Other differences, such as the relative use of 2- and 4-
cycle lawnmowers, cannot be explained on bases of any information
collected by this survey. Tillers and chain saws receive much
greater use in the Central Valley than in other areas. Annual
lawn mower usage is greatest in the South Coast and least in

the Bay Area. Edgers receive the greatest use in the South
Coast, while trimmers receive the greatest use in the Bay Area.
For some type of equipment, such as tractors, blowers, shred-
ders, and yard vacuums, the sample size was too small to dif-
ferentiate among areas of the State.

Respondents were asked to indicate the seasons of the year
that they used each type of equipment most frequently. Their
responses are summarized in Table 2-9. Seasonal patterns vary
with the type of equipment, but 25 to 40 percent of the respond-
ents stated that they used their equipment equally in all sea-
sons. Lawn mowers and edgers/trimmers receive most frequent
use in the summer but tillers are used most frequently in the
Spring. Chain saws tend to be used throughout the year with

slightly less usage in the Spring;

The survey respondents were asked to estimate the annual
fuel consumption for each type of equipment as well as the num-
ber of hours it was used. The responses to this question are

summarized in Table 2-10. These data are expected .to be less
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accurate than the hourly usage estimates, but it is appropriate
to see if they are consistent with each other. The fuel con-
sumption rate was computed for each type of equipment by divid-
ing the annual fuel consumption (Table 2-10) by the annual hourly
usage (Table 2-8). The values, which are shown in Table 2-11
are similar for walk-behind lawn mowers, blowers, edgers, and
trimmers and average about 0.4 gal/hr. Table 2-11 also includes
fuel consumption as gallons per hour per rated horsepower. Ac-
curate fuel consumption rates are not available for comparison,
but Table 2-12 lists some approximate values that have been pub-
lished.z’5

The values shown in Table 2-11 for various categories of
lawn and garden equipment range from 0.165 to 1.904 gallons

per hour with the highest rates corresponding to equipment with

Table 2-12
FUEL CONSUMPTION RATES FOR UTILITY EQUIPMENT
(Gal/Hr.)
Rates Reference
Gal/Hrx .Per
Gal/Hr. Rated HP
Lawn and Garden - 4-cycle 0.177 0.051 2
Lawn and Garden - 2-cycle 0.400 0.114 2
Chain Saws 0.456 0.152 2
Home Utility 0.300 0.075 o2
Tillers 0.24 0.048 5
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the highest rated HP. The fuel consumption values computed as
gallons per hour per rated horsepower range from 0.059 to .330
(see Table 2-11). The fuel consumption rates, as reported by
survey respondents, seem generally reasonable and are of the
same order of magnitude as published values. In contrast to
Table 2-12, the survey results indicate that fuel consumption
rates are approximately the same for 2- and 4-cycle mowers and
average about 0.4l gallons per hour. Survey respondents indi-
cated that fuel consumption by chain saws was 0.16 gallons per
hour -- a rate substantially below the estimate given in Table
2-12.

Fuel consumption rates for generators and air compressors
were reported as 0.117 and 0.024 gallons per hour by survey res-
pondents. These rates are below the range that would be anti-
cipated for 3 or 4 horsepower engines and may indicate that res-

pondents overestimated the number of hours that the engines

were actually operating. Responses to the annual hours of use
and annual fuel consumption questions varied over wide ranges
and the sample sizes were small, so an in-depth analysis of the

responses is not justified.

Age of Equipment

The average reported age for each type of utility equip-
ment is shown in Table 2-13. The values range from 8.3 yéars
(shredder) to 3.1 years (trimmers) with lawn mowers averaging
5.6 years. There are minor differences among the three areas

of the State, but there are more similarities than differences.
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These results will be discussed later when the results of this
survey are compared with the existing CARB inventory.

As a matter of general interest, survey respondents were
asked whether the equipment was new or used when they acquired
it. The responses are summarized in Table 2-14. A substantial
fraction of all equipment was acquired in a used condition --
23 percent of the walk-behind mowers, 22 percent of the tillers,
29 percent of the edgers, and 12 percent of the chain saws.

The significance of this finding is not clear in relation to
the emissions inventory, but it may indicate that owners of
utility equipment pass it on to others rather than store it
when their lifestyles change in a manner that eliminates the

need for utility equipment.

Other Miscellaneous Information

The survey collected responses to such questions as, "Is the
equipment rented?"; "Does your home have a lawn or garden?";
"Who does the landscape and maintenance work (household or out-
side contractor)?". These responses are not discussed in the
main body of this report because they have no effect on the
emissions inventory. The responsés to these questions are given

in the data book and data tape that accompany this report.
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Table 2-14

PREVALENCE OF UTILITY EQUIPMENT
PURCHASED NEW OR USED FOR HOUSEHOLD USE

Purchased Sample
Type of Equipment " New - Used '~ Size
Lawn and Garden
Walk-behind mowers — (.771)  (.229) (712)
2-cycle .764 .236 445
4-cycle .783 .217 254
Riding Mowers " .615 .385 13
Tillers .778 .222 20
Garden Tractors .389 .611 18
Blowers .700 .300 10
Edgers .725 .275 109
Trimmers .957 .043 23
Shredders .818 .182 11
Yard Vacuums .556 Lh44h 9
Chain Saws .881 .11¢ 193
Home Utility
Electric Generators .588 412 17
Air Compressors .500 .500 8

7"‘Values in ( ) represent both 2- and 4-cycle mowers.

Source: CIC Research, Inc., '"California Utility Equipment
Use Survey," 1961-1982.
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COMMERCIAL SURVEY PROCEDURES

A number of methecdoleogies were evaluated in an attempt to
select a survey procedure that would yield the maximum amount
of information on equipment prevalance and usage. Two funda-
mentally different procedures were considered:

1. A survey of industries that use utility equipment and

a determination of equipment prevalence and usage on
a per-industry-basis in several industrial categories.

2. A survey of equipment users and a determination of
equipment prevalence and usage on a per-user-basis
in several occupational categories.

A truly random survey of businesses is difficult to accom-
plish because an appropriately stratified listing of businesses
is not available as a starting point for random sampling. Tele-
phone yellow pages are a poor substitute because many firms do
not advertise at all, and advertising patterns vary widely in
different sections of the State. A random sample of yellow page
listings is certainly not equivalent to a random sample of busi-
nesses. In addition, government agencies are heavy users of
utility equipment, and the random sample would have to include
these agencies as well as private businesses.

The feasibility of conducting a survey of equipment users
by a random telephone survey of households was explored as part
of the household survey discussed earlier in this chapter. The
results indicated that 2.5 percent of households report the use
of utility equipment at work while 33.5 percent of households
report the use of utility equipment at home. Assuming a sample

size of 2,000 households, the response rate is sufficient to
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provide a valid state-wide estimate of the prevalence and us-
age of utility equipment by businesses if all kinds of equip-
ment are lumped together. The response rate is too low to give
estimates for individual equipment categories. The size of the
survey would have to be increased approximately 10-fold to pro-
vide data of comparable wvalidity to the household use data, and
this would have required more resources than were available.
Accordingly, a compromise methodology was devised.

It was decided to survey equipment users but to make no
attempt to select a random sample. Instead, it was assumed that
equipment usage by individuals in particular occupational cate-
gories is approximately identical regardless of the type of in-
dustry that employs the individual. For example, it is assumed
that a gardener will use the same equipment for the same number
of hours whether he works for a local school board, or a land-
scape contractor, or is self-employed. Similarly, it is assumed
that a carpenter will use the same equipment in the same way
whether he works for a local public works agency, a general con-
tractor, or a carpentry firm. The objective of the survey was,
therefore, to obtain information from a representative number
of equipment users (50 or more) in each occupational category
that might be expected to use utility equipment. Published in-
formation on employment by occupational category is available
for estimating the prevalence of utility equipment iﬁ commercial
use after the typical usage patterns for each occupational cate-

gory have been determined from the survey.
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In the remainder of this chapter, the commercial survey

procedures and results are described and discussed.

Commercial Sample Frame

A list of commercial firms was compiled from information
in telephone books (white and yellow pages) for all of the sur-
vey areas. Appropriate yellow page headings were selected,
and the number of firms was chosen to be roughly proportional
to the total number listed under each heading. The final list
included 1,317 firms. The diétribution of firms by telephone
book headings and by county is shown in Table 2-15 An initial
telephone call was made to each firm to establish whether they
actually used gasoline-powered utility equipment and to obtain
the name of the appropriate individual to receive the question-
naire. If the firm used a telephone answering service or a
message-recording device, no further effort was made to secure
a name and send a questionnaire to that firm. Previous experi-
ence has shown that businesses seldom return calls to survey
firms that are obviously not going to become paying customers.
Approximately 60 percent of these firms (785) received question-
naires.

The commercial questionnaire and accompanying cover letter
is shown in Appendix C. The questions on use patterns and age
of equipment were similar to those in the household question-
naire. 1In addition, the respondent was asked to specify the
occupation of each equipment user and also to report the total

number of employees in each of the 16 occupational categories.
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Respondents were asked to follow a selected classification
scheme in reporting occupational categories because CIC planned
to use published employment data from the California Employment
Development Department to expand the survey results. It was es-
sential, therefore, that the occupational categories match those
used by the State.

The questionnaires and postpaid reply envelopes were mailed
in two waves -- half in March 1982 and the remainder in June and
July 1982. 1If a response had not been received within three
weeks, a telephone call was made to determine whether the ques-
tionnaire had been received or whether there was a problem. Up
to three reminder calls were made in an effort to secure a com-
pleted questionnaire. A total of 154 responses was received for
a response rate of 20 percent. The relatively low response rate
1s understandable in view of the fact that the survey asked for
information that was not already at hand. The effort of compil-
ing the data was considerable for firms with many employees and
items of equipment, and numerous firms said they could not af-
ford the time required for the task. Table 2-15 shows the res-
ponses by county and type of business.

Responses were received from all types of firms except auto
body and auto repair shops and telephone companies. It was evi-
dent from the initial telephone calls to auto body and repair
shops, that very few of them used any gasoline—powefed utility
equipment, so the lack of response is not expected to have a

serious impact on the emission inventory. The lack of response
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from telephone companies is a result of an initial offer by
Pacific Telephone headquarters to provide information for

many of their offices, and a subsequent decision that the re-
quired effort was more than they could afford. By the time
this final refusal was received, it was too late to secure in-
formation on telephone companies by alternate means. A limit-
ed amount of information for the '"telephone line installer' oc-
cupational category was received from other types of businesses
so it is hoped that this compensates for the lack of response
from telephone companies.

As questionnaires were received, they were edited and coded
according to procedures developed by the survey supervisor and
project director. The coded information was then entered on com-
puter tape via remote keyboard terminal using a data entry pro-
gram that monitors the data, as it is entered, for correct range,
completeness and illogical fesponses. Coding errors were check-
ed against the original questionnaire and corrected. After cod-
ing and data entry were completed, the computer printout of res-
ponses was 100 percent verified on an item-by-item basis to in-

sure that all items were correctly coded and entered.

Responses and Equipment Use by Occupational Category

The original objective of the survey design was to obtain
a minimum of 50 responses on equipment use for each of 21 occu-
pational categories. The actual number of responses is shown
in Table 2-16. Well over 50 responses were received for all

categories except auto body repair: (12), telephone line
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Table 2-16

SAMPLE SIZES BY OCCUPATIONAL CATEGORY

Occupational Category Total Number Surveyed
Auto Mechanic 350
Auto Body Repair 12
Carpenter 375
Cement 133
Delivery 139
Drywall/Lather | ‘ 135
Electrician | 82
Electric Pipeline Installer 148
Gardeners, Grounds Keepers 3,314
Heavy Equipment Mechanic 354
Painter : 139
Plumbers, Pipefitters 1,616
Sheet Metal Worker 65
Telephone Line Installer 7
Truck Driver 937
Welder 80
Engineer, Other - 68
Forester 13
Excavator, Grading Operator 261
Stationary Engineer 14
Janitor 91
Source: CIC Research, Inc., "California Utility Equipment

Use Survey," 1981-1982.
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installers (7), foresters (13), and stationary engineers (14).
Unfortunately, many respondents did not follow the instructions
and used their own job titles instead of the listed occupations.
As part of the questionnaire coding process, the coders forced
the reported occupations into selected categories. This was
particularly troublesome in dealing with questionnaires from

government agencies that have no counterpart in the private

sector.
Descriptions such as "highway maintenance man,' 'back-hoe
operator,” "yard man," 'laborer," "tree topper," and many others

were converted to the State classification. In general, skill-
ed occupations were classified as one of the following State
categories:

Engineer, other

Excavating, grading machine operator

Forester

Stationary Engineer
The unskilled occupations correspond to one of the following,
depending on whether the work is performed indoors or outside:

Gardener, groundskeeper (except farm)

Janitors and sextons
Every effort was made to follow the procedures of the Cali-
fornia Employment Development Department in assigning occupa-
tions to appropriate categories:

The number of firms that reported use of various types of

utility equipment are shown in Table 2-17. For each type of
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Table 2-17

NUMBER OF FIRMS REPORTING USE OF UTILITY EQUIPMENT#*

No..of No. of
Reporting  Equipment Units

Type of Equipment = Firms - _Reported
Lawn and Garden

Walk Behind Mowers

2-cycle 57 365
4-cycle 79 551

Riding Mowers ; 88 325

Tillers 17 19

Garden Tractors 43 93

Blowers 13 113

Edgers :

. 50 336

Trimmers

Shredders

Yard Vacuums 15 36

Other 17 83
Chain Saws 138 948
Home Utility

Electric Generators 86 340

Air Compressofs 74 200

Other 206 791

" "Many firms owned multiple units so the total number of
units is greater than the total number of reporting firms.

Source: CIC Research, Inc., "California Utility Equipment
Survey," 1981-1982.
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equipment usage patterns were reported by at least 13 different
firms (for blowers) and as many as 138 different firms (for chain
saws). The average use patterns deduced from this survey are rep-
resentative of a broad industrial cross-section. The occupational
groups that use each type of utility equipment are shown in Table
2-18. As might be expected, all types of lawn and garden equip-
ment are used primarily by gardeners. Chain saws are used primarily
by gardeners (827%), to a lesser extent by carpenters (7%) and in-
frequently by eight other occupational groups. Electric genera-
tors are used by gardeners (3%%), plumbers (22%), truck drivers
(13%), and in lesser amounts by eleven other occupational groups.
Air compressors are used by many occupations, with gardeners
(207%), heavy equipment mechanicé (17%) and truck drivers (12%)
heading the list. (The discussion above refers to the number of
units of equipment used -- not the hours of usage.) |

In aadition to thé usual types of utility equipment listed
on the survey questionnaire, a wide variety of other equipment
was listed by respondents. These items of equipment and the
occupational categories of their users are listed in Table D-1
of Appendix D. For the purposes of this study, all these mis-
cellaneous equipment items will be assigned to the "Lawn and Gar-
den, Other" and the '"Home Utility, Other" categories, and no

attempt will be made to disaggregate either category.

COMMERCIAL SURVEY RESULTS

Equipment Prevalence Rates

Prevalence rates for each type of equipment were computed as

illustrated in the following examplé‘for chain saws and carpenters:
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Number of chain saws principally used

by carpenters 66
Total carpenters employed by all firms

surveyed 375
Chainsaws per carpenter 66/375 176

Other equipment items and occupations were treated similarly.
The results are summarized in Table 2-19. Since the number

of chain saws per carpenter is known, it is possible to com-
pute the total number of chain saws in commercial use by car-
penters by multiplying the nuﬁber of carpenters in the area of
interest. This information is available from the California
Employment Develpment Department for the State as a whole and
for Standard Metropolitan Statistical Areas within the State.

Before these computations are presented, a number of com-
ments about the prevalence rates of Table 2-19 are in order.
Some of the results are unexpected -- for example, the use of
lawn mowers by dry wall installers, painters, and welders.
This situation arises in very small businesses where employ-
ees actually work at several different occupations, but are
listed under their principal occupations. The reported preva-
lence rates are based on reliable survey data and do not repre-
sent errors in coding or data processing.

Statewide estimates of ﬁtility equipment usage by occupa-
tional groups are given in Table 2-20. Breakdowns for the
equipment listed as "Other" are given in Table D-2 of Appendix
D. The estimates were made by applying the prevalence rates

of Table 2-20 to the population estimates of the California
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Employment Development Department. The computations show that
equipment usage by certain occupational groups has only a small
impact on the total because the occupational groups are so
small or because so little equipment is used. The following
occupational groups appear to have little impact:

Autobody repair

Cement finisher

Foresters

Drywall installers

Electric powerline installers

Painters

Plumbers

Sheet metal workers

Excavating, grading machine operators

Electricians
Auto mechanics and welders are significant users of equipment
in the "Home Utility, other" category, but are unimportant
users of other types of equipment. The following occupational
groups have the greatest impact on the total:

Carpenters

Gardeners, groundskeepers

Heavy equipment mechanics

Truck drivers

Janitors

According to the survey results, janitors use 4-cycle walk

behind lawn mowers and riding mowers, but do not use 2-cycle
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mowers or edgers/trimmers. This does not seem logical, and
one feels more comfortable with the assumption that janitors
use the same equipment as gardeners whenever their duties in-
clude gardening or grounds keeping. Since there are approxi-
mately twice as many janitors as gardeners in the State, any
uncertainty in prevalence rate would be magnified even more
when the survey results were expanded. The estimates of util-
ity equipment usage by janitors (in Table 2~20) was derived
from the survey response from a single firm that employed 12
janitors. Other firms in the survey reported on 79 janitors
that used no utility equipment at all. Consequently, there
is a high degree of uncertainty in this estimate and in all
the other estimates that are based on responses from only one
firm. In Chapter 4 of this report, methods will be recom-
mended for dealing with these uncertainties.

The reader is reminded that the population of utility
equipment in cpmmercial use is only a small fraction of the
population of equipment in residential use (refer to Table 2-5).
When viewed from this perspective, the uncertainties in commer-
cial population estimates may not seem serious, but the hours
of use and the horsepower ratings are also important variables
to be considered. All these factors are considered later in

this chapter.

Commercial Use Data from Household Survey

As part of the household survey, the respondents were

asked whether they used utility equipment at their jobs.
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Those who replied affirmatively were asked to provide informa-
tion about the type of equipment and usage patterns. The ques-
tionnaire is shown in Appendix A. Affirmative responses were
received from 48 households, and the prevalence rates and ex-
panded estimates of Table 2-21 were computed for those types of
equipment that were identified in sufficient numbers. The equip-
ment populations estimated from only 48 responses were not ex-
pected to be highly accurate, but it is reassuring to note that
the estimates are of the same ‘order of magnitude whether based
on a survey of households or commercial establishments. The
single exception is the population of blowers which is 31,600
from the household survey and 4,700 from the commercial survey.
However, a population uncertainty of this magnitude will have

little impact on the overall emission inventory.

liorsepower Ratings

Average horsepower ratings for utility equipment in use by
commercial establishments are shown in Table 2-22. Similar in-
formation for the "Other" equipment categories is given in Table
D-3 of Appendix D. The values are reasonable and slightly high-
er than the horsepower ratings for household equipment given in
Table 2-7. 1In the case of shredders and yard vacuums, the com-
mercial horsepower ratings are sufficiently higher than the
household ratings to suggest that a different type of equipment
may be used rather than a similar model with a larger engine.
The sample sizes were sufficient to give a reliable estimate

for almost all types of equipment.
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Table 2-21
COMMERCIAL EQUIPMENT POPULATIONS ESTIMATED FROM
HOUSEHZOLD SURVEY INFORMATION

Units For
Total State

Units Per (8,766,000 Estimate From
Type of Equipment Household ' Households) =~ Table 2-20
Lawn and Garden
Walk-Behind Mowers .0047 41,200 58,000
Tillers .00052%*
Garden Tractors .00052*
Blowers .0036 31,600 4,700
Edgers .0041 35,900
10,200
Trimmers .0026%*
Yard Vacuums .00052%*
Chain Saws .0130 114,000 58,100
Home Utility
Electric Generators .0104 91,200 33,100
Air Compressors .0067 58,700 36,800
Other .0026%

“Not significantly different from zero at 95% confidence level.

Source: CIC Research, Inc., "California Utility Equipment Use
Survey," 1981-1982.
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Annual Equipment Usage

The reported hours of annual use are given in Table 2-22
for commercial utility equipment and in Appendix D (Table D-4)
for the "Other'" category. As expected, commercial usage is
from 20 to 50 times greater than household usage. These esti-
mates may tend to represent maximum values for reasons that
have already been mentioned in the discussion of the household
survey. There is no accurate way to correct for this, so.the
reader must remember to use these values with appropriate judge-

ment.

Annual usage varies with occupational category, and the
ideal inventory would incorporate a separate use factor for
each occupation/equipment combination. Unfortunately, the
survey did not provide large enough sample sizes to give
statistically significant annual use factors for all occu-
pations. For the Lawn and Garden equipment categories, the
overwhelming usage is by gardeners (refer to Table 2-20), and
the annual usage rates given in Table 2-23 represent essen-
tially the gardener occupational category. Any error that is
introduced by applying this use factor to other occupational
categories is certainly neglible compared to the rest of the
uncertainties in the overall inventory. This situation is
somewhat different for chain saws, electric generators and
air compressors. In this case, the survey did provide sig-
nificant annual use estimates for several occupational cate-

gories. These are summarized in Table 2-24. The 99 percent
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Table 2-24

ANNUAL COMMERCIAL USAGE
ACCORDING TO OCCUPATIONAL CATEGORY

Avg. No. of
Hours Used 99% Confidence  Sample
Equipment and Occupation Per Year Interval Size
Chain Saws
Gardeners 436.3 310.8 - 561.8 86
Carpenters 120.4 26.4 - 214.4 14
Plumbers 185.3 6.9 - 363.7 8
Heavy Equipment Op. 156.0 0"~ 332.1 6
Electric Generators
Gardeners 218.6 2.6 - 434.6 24
Carpenters 242.2 0*- 509.6 11
Plumbers 82.4 . 231.2 8
Heavy Equipment Op. 217.7 O*— 451.0 7
Compressors
Gardeners 163.6 37.4 -~ 289.9 21
Carpenters 266.3 50.1 - 482.5 13
Heavy Equipment Op. 351.3 164.0 - 538.6 11
Drywall Installers 169.7 *.381.6 7
Source: CIC Research, Inc., '"California Utility Equipment Use

Survey," 1981-1982.

%
Interval has been truncated at zero.
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confidence intervals are large and in all cases overlap those
in Table 2-23. The reliability of the overall inventory might
be increased if the use factors from Table 2-24 were substi-
tuted, where applicable, for the factors in Table 2-23; but

in the opinion of the authors, the uncertainties in all annnual
usages are so great that no real improvement would result from
using the Table 2-24 factors.' All computations in this report
are based on the Table 2-23 factors.

The responses to the question on annual fuel use are shown
in Table 2-25 and Table D-5. This table also includes hourly
average fuel consumption that was calculated by dividing the
fuel use by the hours of use (from Table 2-23). Hourly fuel
consumption per horsepower is also given. The commercial fuel
consumption rates are all iower than the reported household fuel
consumption rates (refer to Table 2-11) even after they have
been corrected for differences in average horsepower, but they
are still of the éame order of magnitude as published wvalues
(refer to Table 2-12). It is hard to know whether commercial
_establishments are really able to operate their equipment more
efficiently and conserve fuel or whether the reported differ-
ences merely reflect the fact that accurate records of fuel use

are seldom kept by businesses or households.
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Age of Equipment

The average age reported for each type of utility equip-
ment in commercial use is shown in Table 2-26 and Table D-6.
The values range from 2.7 years (edgers/trimmers) to 7.5 years
(shredders) with lawn mowers averaging about 3.8 years. Gen-
erally, the commercial equipment is slightly newer than similar
equipment in household use. These results will be discussed

later when the results of the survey are compared with the CARB

inventory.
MISCELLANEOUS COMMENTS

Relative Reliabilities of Residential and Commercial Survey
Results

To help the reader judge the comparative reliabilities of
the two surveys, the standard errors of the estimates of preva-
lence rates were given in Tables 2-3 and 2-19. For the other
important variables such as annual usage and horsepower, 99 per;
cent confidence intervals for the mean values were listed in the
tables. These estimated uncertainties will be used in Chapter
3 to compute the uncertainties associated with the emissions
estimates, but some general remarks are appropriate at this point.

In general, all of the information on residential use
is highly significant because the sample sizes were large and
not associated with any systematic bias. Most of the informa-
tion on commercial use is equally significant, but, as shown

in Table 2-19, some information was based on responses from
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Table 2-26

AVERAGE AGE OF COMMERCIAL UTILITY EQUIPMENT

Average
Age 99 Percent Sample

" Type of Equipment (Years) Confidence Interval Size
Lawn and Garden

Walk-Behind Mowers

2-Cycle 3.9 2.9 - 4.9 54
4-Cycle 3.6 2.8 - 4.4 72

Riding Mowers 4.0 3.3 - 4.7 85

Tillers 3.0 ° 1.8 - 4.2 15

Garden Tractors 5.4 4.0 - 6.8 41

Blowers 4.3 0.1 - 8.5 12

Edgers 2.7 2.0 - 3.4 43

Trimmers

Shredders 7.5 -- 2

Yard Vacuums 4.0 1.4 - 6.6 14

Other 7.0 -- 38
Chain Saws 3.3 2.5 - 4.1 123
Home Utility

Electric Generators 5.7 4,3 - 7.1 69

Air Compressors 6.2 4.3 - 8.1 61

Other 6.4 -- 150
Source: CIC Research, Inc., "California Utility Equipment Use

Survey,'" 1981-1982.
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only one firm. In most cases this was not serious -- for ex-
ample, the report of 2-cycle mowers being used by drywall in-
stallers, painters, plumbers, welders, etc., -- because the
equipment used by these occupational groups was only a small
fraction of the total. However, in a few instances, there may
be significant problems. The use by janitors of 4-cycle mowers,
riding mowers, and yard vacuums was estimated from the response
of a single firm. Since janitors represented a very large oc-
cupational group, the expansion of the data indicated that more
of these types of equipment were used by janitors than garden-
érs. In the case of riding mowers with their high HP ratings
and hours/years of use, this results in an appreciable impact

on estimated emissions. The effect is also significant for 4-
cycle mowers but is less important for yard vacuums because the
total equipment population is so small. Solutions to this prob-
lem will be suggested in Chapter 3 when the computation of emis-

sions 1s presented.

Use Patterns by County or Air Basin

The survey was designed to collect primary data from the
22 most populous counties in California and to expand the
results to estimate utility equipment usage in all 58 counties
and for the State as a whole. Obviously, there are éertain
assumptions that have to be made when the survey results are
extrapolated. to counties where data was not actually collected.
These assumptions and their effect on the accuracy of the inven-

tory are discussed in the paragraphs that follow.
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The household survey provided enough responses to differ-
entiate among three large areas of the State. Slightly differ-
ent uses patterns were found for each area, but the results
~generally support the assumption that household equipment usage
is similar in all the counties surveyed. If these same house-
hold use patterns are also applicable to the 36 counties that
were not surveyed, the survey results may be used to derive
inventories for all counties.: This study does not provide any
insight into the equipment use patterns in counties that were
not surveyed, but it does suggest that use patterns may be
related in a general way to weather conditions. The survey
included very few households from areas with winter snows and,
therefore, may not be applicable to the following counties
with severe winter weather: Lassen, Modoc, Nevada, Placer,
Plumas, Sierra, Siskiyou, and parts of EI Dorado and Trinity.
If it is necessary to compile accurate, detailed inventories
for these counties, additional surveys should be carried out
to establish use patterns for areas with severe winters.

Since most of these counties are sparsely populated, the im-
pact on the statewide inventory is negligible.

The commercial survey does not provide any systematic in-
formation on use patterns by geographic area because it was
not possible to conduct a large enough survey so thaf responses
from all types of businesses were received in all counties.

This was recognized at the time the survey was designed and
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has already been discussed. Within the limits of the basic
assumption that use patterns are related to occupational category
and independent of type of industry and geographic location, the
survey results can be extended to the 36 counties that were not
surveyed if prevalencé rates and use patterns are available for
all occupations that use utility equipment. Generally, this is
true, but there is at least one occupation, timbercutting, that
is negligible in the 22 counties that were surveyed, but import-
tant in 17 of the counties that were not surveyed. This has a
very small impact on the overall State inventory, but a larger
impact on the affected counties. Since the number of timber-
cutters employed in each county is known, the emissions from
their activities can be estimated if we know the types of equip;
~ment used, the average number of units used by each timbercutter,
and the annual usage for each type of equipment. According to
information developed by the Mobile Source Control Division of
the ARB, timbercutters use chainsaws for 3 hours/day for six
months of the year for a total of 360 hours/yeér. If we can
make a reasonable estimate of the average number of chainsaws

per timbercutter, we can estimate emissions. Somewhat arbitrarily,
a value (prevalence rate) of 0.5 chainsaws per timbercutter was
selected. This is slightly higher than any of the prevalence
rates found for the occupational categories listed in Table 2-19,
but timber cutting is quite a specific activity that always in-

volves the use of some type of gasoline-powered equipment. A
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relatively high prevalence rate is clearly indicated, and 0.5
seems like a reasonable value.

According to the California Employment Development Depart-
ment, there were 3,241 individuals employed as timbercutters in
California in 1980. This means that there were 1,621 chain
saws each of which was used for an average of 360 hours/year.
These quantities will be used to compute emissions from tim-

bercutting activities. Chapter 3 explains the procedures for

computing emissions.
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CHAPTER 3. COMPUTATION OF EMISSIONS

In this chapter, the equipment population and usage data
from Chapter 2 are used as a basis for computing the quantities
of pollutants emitted by utility equipment. This is a three-
step process as follows:

1. The emission factors that are currently in use are
evaluated for their accuracy and applicability, and
possible improvements are suggested.

2. The equipment population and usage data are evaluated,
taking into account the uncertainties in the emission
factors, and methods are recommended for simplifying
and improving the estimates of equipment populations.

3. The pollutant emissions are computed according to the
procedures developed in steps 1 and 2, and the results
are compated with the most recent ARB inventory.

The remainder of this chapter describes the accomplishment of

this three-step process.
EMISSION FACTORS

The current emission factors and their technical basis were
described in Chapter 2 in the CURRENT INVENTORY METHODOLOGY sec-
tion. 1In brief, the emission factors are based on experimental
evaluations of a limited number of engines that were published
in 1973. It was, thérefore, appropriate to search the litera-
ture to see if any additional studies had been carried out since
1973. A thorough search of the literature did not reveal any

10

more recent work. Individuals at EPA and at Southwest Research
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Institute,7 who were involved in the earlier studies, were con-
tacted and asked if they knew of any more recent work. They
knew of none. Some very rough experiments had been carried out
by the ARB at El Monte,13 but the results could not be released
because the experiments were not intended to produce emission
factors and had not been carefully controlled. The ARB staff
did indicate that their experiments showed that the current
emission factors were of the right order of magnitude. It is
concluded that there is no basis for revising the current emis-
sion factors to take into account more recent work. There have
been no dramatic changes in small utility engines in recent
years, so the earlier tests are still reasonably representative
of present day engines.

Emission factors were derived from experimental programs
that include certain assumptions about duty cycles, mixture
settings, and horsepower ratings for typical applications. It
is appropriate to examine the data base to see how well these
assumptions match the real world situations.

There are two fundamentally different ways of testing small
engines. In one method the entire piece of utility equipment is
tested while it is actually performing the job it was designed
to do. This method was used by AESI (reference 2) in tests on
three lawn mowers and two tillers. In the other method, the
engine alone is tested on a dynamometer. The loads and speeds

are set to cover the range of conditions that might be
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encountered in all applications. This method was used by the
Bureau of Mines (reference 3) and by Southwest Résearch Insti-
tute (reference 8). In the first method, the experimenter ob-
tains accurate emissions data for a particular implement per-
forming a particular job, but it is sometimes difficult to know
whether the job is truly representative. In addition, the horse-
power output of the implement was not recorded in the AESI tests.
In contrast, the dynamometer method provides accurate emisisons
data over a wide range of loads and speeds, but the experimenter
does not know what the real world duty cycles are for the imple-
ment/engine combinations that he is actually attempting to eval-
uate.

It is difficult to compare the results of the three publish-
ed studies because different variables were measured in each in-
stance; however, Table 3-1 shows a comparison that was published
in reference 2. Note that emission factors in Table 3-1 are ex-
pressed as grams per hour per item of equipment. It is assumed
that the equipment that was tested was typical of the real world
population. It is not possiblé to compute confidence intervals
for the emission factors because of the multitude of assumptions
that had to have been made to convert all results to a comparable
Jset of units, but factors from different studies frequently dif-
fer by a factor of two. In the Bureau of Mines experiments
(reference 3), tests were performed on six identicai‘models of
a 4 HP, 4-cycle engine, and the emission factors varied by about

50 percent at the same load and mixture settings. For our
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purposes, it is sufficient to be aware that emission factors
are reproducible only to about 50 percent under controlled con-
ditions, and that substantial additional uncertainties are en-
countered in attempting to estimate load conditions and mixture
settings that correspond to actual equipment use in the field.
Emission factors have been presented in different sets of
units by different experimenters. They are expressed as mass
emission rates (g/hr), brake specific emission rates (g/loaded
hp. hr) or rated HP rates (g/rated hp. hr). By analogy with
automotive emission factors, it is by no means obvious that the
emissions should be directly proportional to the brake hp or
the rated hp as implied by the last two emission factor expres-
sions. It is instructive to examine the raw data and see wheth-
er there is compelling evidence for expressing factors on a
"per hp'" basis. Table 3-2 shows data from the SWRI study (ref-
erence 8) and Table 3-3 shows data from the Bureau of Mines étudy
(reference 3). It is fairly obvious that NOX emissions increase
as horsepower increases, but is less clear that HC and CO emis-
sions increase with increasing horsepower except for one 18-HP
engine that was tested by SWRI. By comparison with similar en-
gines in the Bureau of Mines tests, one is led to the conclu-
sion that the SWRI test engine may have been atypical. There
is little evidence to suggest that emission factors based on
brake horsepower are more accurate than factors based on rated
horsepower, or even whether they are any more accurate than
simple mass emission rates that do not include horsepower at

all. 1If the emission factors are used to compute emissions
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from engines that are approximately the same horsepower as the
test engines, then any form of the emission factor expression

is suitable. Additional uncertainties may arise if the
emission factors are used for engines of significantly differ-
ent horsepower than the test population. This will be discussed
more in the paragraphs that follow.

In view of the above discussion, it is appropriate to com-
pare the horsepower ratings of the test engines with the ratings
of the utility equipment engines that are of interest in this
study. Ideally, one would like to have emission factors for the
following equipment categories and horsepower ratings:

Walk~Behind Mowers - 2-Cycle (2.9 - 3.8 HP)
Walk-Behind Mowers - 4-Cycle (2.9 - 4.6 HP)
Riding Mowers (7.3 - 7.8 HP)

Tillers (5.3 - 6.6 HP)

Garden Tractors ( 11.5 - 22.2 HP)

Blowers (3.5 HP)

Edgers/Trimmers (1.3 - 2.3 HP)

Shredders (4.1 - 22.8 HP)

Yard Vacuums (2.8 - 10.4 HP)

Chain Saws (2.0 - 2.7 HP)

Electric Generators (3.5 - 4.8 HP)

Air Compressors ( 2.9 - 9.3 HP)

Other ( 8.9 HP)

(The listed HP ratings are taken from tﬁe results of this study
as summarized in Tables 2-7 and 2-22.) If one assumes that
emissions are dependent primarily on the characteristics of the
engine and not on the type of equipment with which the engine
1s associated, then a certain amount of aggregation is possible

as shown below:
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Small 2-Cycle Engines (1 - 3HP) -- Edgers/Trimmers, Chain
Saws

Medium 2-Cycle Engines (3 - 4 HP) -- Walk-Behind Mowers

Medium 4-Cycle engines (3 - 6 HP) -- Walk-Behind Mowers,
Blowers, Generators, Tillers

Large 4-Cycle Engines (7 - 22 HP) -- Riding Mowers, Trac-
tors, Heavy Duty Shredders, Vacuums, and Compressors,
"Other Home Utility"

The emission factors for chain saws (small 2-cycle engines)
that were used in the ARB inventory were derived from the AESI
study (reference 2) that tested three saws of 5.6, 6.0, and
6.0 horsepower. This 1is clegrly outside the desired range of
1 - 3 horsepower. On the other hand, the emission factors
used for 2-cycle walk-behind mowers (medium 2-cycle engines)
are derived from tests on one 2-horsepower engine (see Table
3-2) that corresponds more closely to the small engine cate-
gory. Factors used for 4-cycle lawn and garden (medium and
large 4-cycle engines) are derived from tests on four engines
from 3.5 to 18 horsepower (see Table 3-2) weighted according
to an estimate of typical engine populations averaging 3.4
horsepower. Factors for 4-cycle home utility are derived sim-
ilarly except that a different weighting scheme 1is used cor-
responding to an average of 3.9 horsepower. It appears that
the existing emissions test data could be used to derive alter-
native emission factors that would correspond more closely to
the derived horsepower ranges than the factors pres§ntly used

to compute the ARB inventory. These factors are presented
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in Table 3-4. The numerical values are not drastically differ-
ent from those presently in use, and the two sets of values are
probably identical in view of the large uncertainties associ-
ated with the experimental programs. In addition, Table 3-4
lists emission factors expressed as g/hr as well as the conven-

tional epression as g/hp.

Emission factors for particulates (TSP), sulfur oxides (SOX)
and evaporative hydrocarbons are not listed in Table 3-4 for the
following reasons. Factors fér TSP were derived as part of the
SWRI study (reference 8), but reliable techniques for measuring
particulate emissions had not yet been developed at the time the
study was done. The authors themselves recommend that the fac-
tors be used with utmost caution. Particulate emissions from
utility equipment represent a very small fraction of the total
particulate burden. ‘Since it was neither possible nor necessary
to improve the emission factors presently used by the ARB for TSP,
no computations of particulate emissions were made in the study.
| A similar situation exists with respect to emission factors
for SOX and evaporative emissions. In this instance, no experi-
mental basis exists at all. The SO emission factors given in
reference 17 are estimated by assuming that that the fuel con-
tains 0.043 percent sulfur and that fuel consumption is known
for all types of equipment. Evaporative emission factors are
given in reference 17 and are based on the number of times the
fuel tank is filled per year. This methodology includes assump-
tions about fuel consumption and fuel tank volume for each type

of equipment. The curremt study did not provide any information
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that could be used to improve these estimates. 1In view of the
tremendous uncertainties in the estimates of SOX and evaporative
emissions and their relatively minor impact on the total indus-
try, these emissions were not computed as part of this study.

The current version of the ARB emission inventory lists
-two different classes of hydrocarbons: total organic gases (TOG)
and reactive organic gases (ROG). The major difference between
the two classes is that methane is included in TOG but not in
ROG. 1In order to compute emigsions of TOG and ROG from utili-
ity equipment, the proportion of methane in the exhaust would
have to be known. None of the laboratory evaluations of utility
equipment have included the measurement of methane as well as
total hydrocarbons in the exhaust. By analogy with studies on
larger internal combustion engines, it is reasonable to assume
that utility equipment exhaust contains a small amount of meth-
ane. In compiling the 1979 inventory, the ARB staff assumed
that methane accounted for 3.2 percent of the total weight of
hydrocarbons in utility equipment exhaust. This value seems
reasonable, but it is not.based on experiments performed on
utility equipment. In view of the large uncertainties associ-
ated with emission factors for TOG, an accurate value for per-
cent methane is not really necessary.

Aldehydes were measured in some of the experimental studies
of utility équipment, and emission factors for aldehydes are given
in Reference 17. Since aldehydes are not included as a separate
category in the ARB inventory, they are not categorized separately

in this study. |
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COMPUTATION OF EXHAUST EMISSIONS

The equipment population data from this survey are summar-
ized in Table 3-5 along with load factors that were taken from
the current ARB inventory. Emissions as tons per year, can
be computed by applying emission factors to the information
contained in Table 3-5. This has been done using three sets
of emission factors:

1. Factors used by the ARB to compute the current
inventory (refer to Table 1-4) except that the
2-stroke lawn and garden factors were used only
for 2-stroke walk-behind mowers and edger/trim-
mers.

2. Factors from Table 3-4 expressed as g/hp hr.

3. Factors from Table 3-4 expressed as g/hr. In
this instance the information on average horse-
power and load factors is not used. ”

The results are shown in Table 3-6 for exhaust emissions from
statewide utility equipment use. Although the emissions from

individual equipment categories vary somewhat from one set of

factors to the next, the totals are amazingly similar.

Tons/Year
Pollutant Set 1 Set 2 Set 3
HC 21,675 22,299 22,109
co 126,511 126,564 119,674
NO_ 1,600 2,249 2,197

In every case, the majority of the hydrocarbon (HC) emissions

come from 2-cycle engines and the majority of the nitrogen
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oxides (NOX) come from large 4-cycle engines. Carbon monoxide
(CO) emissions are distributed among all types of equipment.

The use of Set 3 emission factors (gm/hr) is recommended
because this avoids the uncertainties associated with the basic
assumption that emissions from utility engines are directly
proportional to horsepower. As discussed above, the authors
of this report do not believe that there is strong evidence
to support the conventional gm/hp hr form for emission factors.
The recomménded procedure fof computing emissions, described
in thé following paragraphs, uses emission factors expressed
as g/hr.

At this point it is instructive to examine the uncertain-
ties in the emissions computations that are associated with
estimating process rate. The recommended procedure starts with
published information on numbers of households and employees
in specified categories and requires two additional values that
are obtained from the survey responses:

1. Prevalence rates

2. Annual usage
These two values are multiplied together in the emissions compu-
tation; therefore, an estimate of the uncertainty of this product
is a measure of the uncertainty of the emissions estimate. The
standard errors of estimate for prevalence rates were given in
Tables 2-3 and 2-19, and the standard errors for annual usage

was shown in Table 3-5. Table 3-7 1ists the,standard error of
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the population estimates derived from the prevalence rates and
also lists the standard error of the process rate. The proce-
dure for computing the standard error of the process rate is
described at the end of this report in the "Statistical Proce-
dures'" section. The standard error of the emissions estimate
is also shown for a scenario in which the emission factors

are assumed to be constants with no uncertainties.

In general, the standard errors of estimates of equip-
ment populations are greater:for household equipment than for
commercial equipment. The standard errors of annual hours of
use are greater for commercial than for household. The stan-
dard errors of the product of equipment population and annual
hours (i.e., process rate) are substantially greater for house-
hold equipment than for commercial. The standard errors of
process rates were multiplied by the appropriate emission fac-
tors to give standard errors of emissions as shown in Table 3-7.
To illustrate the significance of this estimate, it is helpful
to recall that we can be 68 percent confident that the true
estimate of emissions lies between the mean value plus or minus
one standard error. Specifically, we can be 68 percent confi-
dent of the following:

Emissions from Household Usage (tons/year)
HC 13,147 + 2,709
CO 49,829 + 11,628

No_ 474+ 149



Emissions from Commercial Usage (tons/year)
HC 8,962 + 19
CO 69,845 + 180
NO_ 1,723 + 4

When we consider the uncertainties associated with the
emission factors themselves, it is likely that the emission
estimates given in Table 3-6 may be in error by as much as
25 percent or 5,500 tons/year of HC, 29,900 tons/year of CO,
and 550 tons/year of NO,, . Tae standard errors listed in
Table 3-7 are substantially less than these emission factor
uncertainties, so the major uncertainties in estimating emis-
sions are asociated with emission factors rather than process
rates.

Figure 3-1 shows a worksheet that has been designed to
facilitate the estimation of emissions from utility equipment.
The computations are accomplished in a straightforward manner
as follows:

Step 1. Assemble the following information from published
sources for the county of interest and the year
of interest:

e Number of households and owner/renter ratio.
If the owner/renter ratio is the same as it
was in 1980, only the number of households
is required.

e Employment in each of the occupational cate-
gories listed on the worksheet.*

M

T

"Note that janitors are not listed. The prevalence rates
for equipment used by janitors are not statistically different
from zero and it is recommended that this occupational category’
be deleted.
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Step 3. Select the appropriate annual usage rates from
Table 2-8 and record them on the worksheet.

The guidance for Step 2 also applies to Step 3.

Step 4. Compute household equipment population by mul-
tiplying prevalence rates by the number of house-
holds.

Step 5. Compute total annual hours of use for the entire
equipment population and multiply by the appropri-
ate emission factor to derive tons/yr of pollutant
emitted by household utility equipment.

Step 6. Compute commercial equipment populations by multi-
plying the prevalence rates by the number of em-

ployees in each of the relevant categories. Sum
the populations over all employment categories.

Step 7. Compute annual hours of use and emissions as in
Step 5 above.

Step 8. Add the household and commercial emissions to
derive total emissions.

Emissions from timbercutting are listed separately because
they were not derived from survey data. Figure 3-2 shows the
computations for the State as a whole. The values should be
rounded off to no more than three significant figures, but more
were carried through the computational steps. Computations for
individual counties are given in Appendix E.

The average annual emissions (tons/year) from utility
equipment exhaust in the entire state are shown below along with
emissions from several other source categories taken from the

most recent ARB inventory (reference 1).
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HC Cco NO

X
Utility Equipment Exhaust

(This study) 22,212 119,905 2,198
Utility Equipment Exhaust

& Evap. (ARB Inventory) 14,272 119,720 1,720
Passenger Cars (ARB) N 464,000 3,088,000 351,000
Other 0Off-Road Vehicles ~ 189,000 1,670,000 315,000

(ARB) .
Petroleum Marketing (ARB) 79,600 -0- -0-

Total, All Sources‘(ARB) 1,603,000 6,256,000 1,294,000

Emissions from utility equipment are a very small fraction
of the statewide total (from 0.13 to 1.9 percent, depending on
the pollutant) and represent equally small fractions of emis~
sions when considered on an individual county basis. - The
estimates of.utility equipment emissions in the recent 1979
ARB inventory were based on a completely different set of as-
sumptions and a different set of emission factors than were
used in this study. 1In spite of differences, the final esti-
mates are almost identical. This is extremely reassuring and
suggests that either method is satisfactory. The methods dif-
fer considerably in their input data requirements, and the
availability of these data might determine the choice of method.
Any uncertainties in estimating emissions from utility equipment
are so small that they will introduce negligible uncertainties

in the overall inventory.
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COMPARISON OF RESULTS OF THIS STUDY WITH ARB INVENTORY

It is of interest to compare the computations made in this
study with the computations used by the ARB for their inventory.
It has already been shown that the choice of emission factors
has very little impact on emissions (refer to Table 3-6), so
this discussion will deal mainly with other wvariables. The

following are the most important:

e Equipment populations -- household and commercial

e Annual usage -- household and commercial

° Proportion of 2-stroke and 4-stroke engines
Table 3-8 shows the value of these variables from this study
and the ARB inventory. Equipment populations are of the same
order of magnitude in the CIC and ARB inventories, but there
is seldom close agreement. The CIC survey identified 900,000
more push mowers than the ARB had estimated; however, the an-
nual usage of these mowers, according to the CIC study, was
less than the ARB estimate. These two differences tend to can-
cel each other out, and the total hours of use by all push mow-
ers is fairly similar in both studies. It is believed that the
CIC study identified push mowers that were in storage and sel-
dom used, while the ARB methodology assumed that these mowers
were so old that they had been diécarded. For other types of
equipment, the CIC survey identified fewer units in commercial
use than the ARB estimated, but the hours of commercial use
were greater than the ARB estimates. As in the push mower case,

these differences tend to cancel out, and the total hours of
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use for the entire equipment population is similar in the CIC
and ARB estimates. There is, however, one difference that has
an important impact on the emissions inventory. The CIC sur-
vey indicates that 39 percent of all lawn and garden equip-
ment is powered by 2-stroke engines. The ARB estimate is &
percent. It is believed that there has been a recent trend

toward more 2-stroke engines, and the ARB figure should be

revised upward to 39 percent. Such a change would cause a sig-
nificant increase in the estimated emissions of hydrocarbons
but would have much smaller effects on the estimates of CO and
NOX. It is believed that the primary reason that CIC estimates
more hydrocarbon emissions than the ARB (refer to page 94) is
because of the increased percentage of 2-stroke engines in the
CIC equipment population. The CIC study indicates that almost -
all tillers were in residential use, while the ARB estimated
that 44 percent of tillers were used commercially. The number
of tillers is so small that this discrepancy will have little
impact on the inventory.

The CIC survey was designed to collect information that
could be used to check the ARB's assumptions about useful 1life
of utility equipment. This information was not needed to com-
pute emissions by the CIC method, but it is needed if the equip-
ment population is estimated from sales data. Table 3-9 com-
pares the estimated attrition rates used by the ARB with data
from the CIC survey. Sufficient information was available for
the residential pbpulation of walk-behind mowers and chain saws

but not for other types of equipment. In general, the ARB's
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Table 3-9

COMPARISON OF ASSUMED AND MEASURED ATTRITION RATES
FOR RESIDENTIAL USE

Percent of Population Still in Service

Model Year Walk-Behind Mower Chain Saw

CIC  ARB cic  ARB
1979 100 100 100 100
1978 93 96 93 98
1977 81 : &9 78 94
1976 70 79 60 83
1975 58 69 43 59
1974 46 58 32 37
1973 35 48 26 24
1972 29 40 19 16
1971 24 32 13 7
1970 20 24 9 v 2
1969 18 18 8 1
1968 11 13 -- --
1967 11 10 -- -
1966 9 9 4 --
1965 8 8 -- -
1964 7 7 3 --
1963 4 4 -- --
1944 0.1 -- 0.5 --

Source: CIC Research, Inc., "Survey of Utility Equipment

Use," 1981-1982.
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assumptions about attrition rates correspond fairly well to the
observed situation. CIC identified a small percentage of old
equipment that would not be predicted by the ARB methodology,
but this would have a very small impact on the overall esti-
mates of equipment population. According to the CIC survey,
approximately 20 percent of the walk-behind mowers and 10
percent of the chain saws were acquired used. It is difficult
to know whether this has any influence on the attrition rate
associated with the equipment, except that it suggests that a
substantial number of equipment owners pass that equipment on
to others instead of storing it when they no longer need to use
it.

Additional information is included in the data book that
will allow the reader to compare the age distributions and com-
pute attrition rates for equipment purchased new as compared with
equipment acquired used. Intuitively, one might assume that
owners who acquired their equipment used would not know the age
as accurately as owners who acquired new equipment; however,

the survey cannot confirm or refute this assumption.
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CHAPTER 4. RECOMMENDATIONS FOR
UPDATING INVENTORIES

Inventories need to be updated periodically to take into
account changes in population and the associated changes in
utility equipment use. In addition, utility equipment inven-
tories may require updating to take into account the marketing
of new types of utility equipment or design changes in conven-
tional types of equipment. Recommendations are presented for
accomplishing both types of updates.

If the household and commercial use patterns remain the
same, then the inventory may be updated by securing more re-
cent information on numbers of households and number of employ-
ees in the appropriate occupational categories. This informa-
tion is available from the State Census Data Center, Department
of Finance (for households) and the California Employment De-
velopment Department (for employment). At the present time,
data are available for each year and are published after a de-
lay of about two years. Forecasts of future employment are
also published by the Employment Development Department. The
inventory may be updated by the éimple procedure of replacing
the existing information on households and employment with
more current information and re-computing the emissions. In
the experience of CIC, this method is adequate for updating

inventories for a period of about five years following the
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compilation of the initial inventory. During a five-year period,
use patterns will not change sufficiently to invalidate the pre-
valence rates and annual usage data from the original survey.

If more than five years has elapsed since the original sur-
vey, it is appropriate to investigate changes in use patterns.
In the opinion of CIC, commercial use patterns will not change
dramatically unless some new type of equipment comes on the mar-
ket or some dramatic change in technology occurs. By referring
to the tabulations of equipment type vs. occupational category,
the effects of any anticipated changes in commercial use patterns
can probably be estimated without collecting any new primary data.
Household use patterns are more difficult to estimate. If the
number of households and the types of dwellings have shown only
small changes in a given area, then it is probably safe to assume
that utility equipment use has not changed appreciably unless
some new type of equipment has become available and is widely
used. On the other hand, if housing patterns are changing sig-
nificantly, the utility equipment use may also change signifi-
cantly. The changes in household use patterns can best be eval-
uated by cbnducting a small survey (no more than 300 households)
and testing the responses against the original survey responses
to see if they are different. If they are different, it will be
necessary to adjust the equipment prevalence rates and annual
use data to reflect the results of the new survey. .

In the case of utility equipment, it is believed that there

are large uncertainties -- at least 50 percent -- associated with
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the emission factors, so it 1s not really necessary to update

the inventory to account for a change of a few percent in hous-
ing or employment. In most cases, it would probably be adequate
to assume that changes in utility equipment emissions are pro-
portional to changes in population, and go through the more te-
dious updating procedures only for those counties that are under-

going rapid changes in housing patterns.
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STATISTICAL PROCEDURES

Conventional statistical procedures were used throughout
this report as summarized below. If any readers are unfamil-
iar with these tests, they can consult a variety of elementary
statistical texts for additional information. The authors of
this report have found the following text to be exceptionally
clear and easy to follow:

Yamane, Taro, Statistics: An Introductory Analysis, 2nd
Edition, Harper & Row, Publishers, New York, NY, 1967.

Standard errors of proportions, i.e., prevalence rates and

owner/rental ratios, were computed by the standard formula as
given in Sections 7.5 and 7.6 of Yamane. Standard hypothesis
testing methods as described in Sections 8.3 and 8.6 of Yamane
were used to determine whether certain of these proportions
were different from each other or different from zero. Values

of Z were computed and compared to standard Z tables.

Standard errors of means, i.e., HP, annual usage and age, were

computed by standard formulas as given in Section 7.4 of Yamane.
Confidence intervals were computed by using the conventional

"M cratistic as discussed in Sections 17.4 and 17.7 of Yamane.

Equivalence of two distributions, i.e., type of dwelling or

household income, were evaluated by computing X2 and comparing
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the value with standard tables as discussed in Section 20.3

of Yamane.

Standard errors of the product of equipment populations and

annual usage were computed based on the exact variance of pro-
ducts. This procedure assumes that equipment populations (x)
and annual usage (y) are statistically independent. Let X and
y be the sample means of the x's and y's respectively, and let
sz(x) and sz(y) be the usual unbiased estimates of V(x) and
V(y) respectively. Thenxy will be an unbiased estimate of
XY whose variance is:

VEY) = XVE + YVE + V@V

An unbiased estimate of V(Xy) will be:

2 2 2 2
_ — y -2 <
v(xXy) =(X)2 :1(}(,)) +(y) i(}({};) - Sngigrsl(}%’)

where n(x) and n(y) are respective sample sizes. For a complete
discussion, the reader is referred to:
Goodman, Leo A., '"On the Exact Variance of Products,”

Journal of the American Statistical Association,
Volume 55 (1960), pp. 708-713.

Use of Standard Errors. The standard errors determine the

potential degree of discrepancy between the sample measure of
central tendency (e.g., mean) and the population measure of
central tendency. The standard errors may be used in certain
tests of statistical significance and for creating confidence
intervals. (See Yamane, Chapter 8 and Section 10.8, respec-

tively.) All other things remaining equal, relatively small
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standard errors tend to give the researcher greater confidence
in his estimates.

As an illustration, suppose chainsaws are considered.
Table 3-5 indicates that the estimated number of chainsaws
found in California households is 736,000. Table 3-7 indicates
the the standard error of this eStimate'is 53,000 chainsaws.
With the given information, we can calculate a range in which
the true number of chainsaws is expected to fall. Should we
add and subtract one standard error from this estimate, this
range would be from 683,000 to 789,000 chainsaws. Standard
normal statistical tables tell us that we can only be 68 per-
cent confident that our calculated interval contains the true
population of chainsaws. Specifically, if we identically
performed this study 100 times and calculated such an interval
each time, only 68 of these intervals would be expected to con-
tain the true population of chainsaws.

Suppose we calculate an interval around our chainsaw
estimate which is two times the standard error, i.e., plus or
minus two standard errors. This interval would be from 630,000
to 842,000. Note that this interval is wider than the previ-
ously calculated interval which implies that we should be more
confident that the wider interval contains the true population
of chainsaws. As it turns out, we can be more than 95 percent
confident in our new interval. Specifically, if we identically
perform this study 100 times and calculated such a new inter-

val each time, at least 95 of these intervals can be expected
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to contain the true population of chainsaws. 1In short, the
standard errors provided in the present study can be used to
develop confidence intervals within which the true population

parameter is expected to fall.
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APPENDIX A

HOUSEHOLD SURVEY QUESTIONNAIRE



IDit Date |1#
Date
CALIFORNIA UTILITY EQUIPMENT USE SURVEY - CARB #625
|
Hello. 1I'm calling for a survey being sponsored by the State of
California Air Resources Board. We're conducting a survey of the !
use of gasoline powered equipment by California households. May T,
verify that you do live in County? (IF CORRECT COUNTY,;Cnt
PROCEED. IF WRONG COUNTY, THANK RESPONDENT AND TERMINATE.) Now I . —
would like to speak to the person in your household who would be
most familiar with any powered gardening or utility equipment you
use. (IF RESPONDENT IS THAT PERSON, ASK Ql. IF RESPONDENT IS NOT
THAT PERSON, ASK TO SPEAK WITH HIM OR HER AND IF NECESSARY MAKE AN
APPOINTMENT TO CALL BACK.) 1
SECTION 1
Ql. I am going to read a list a tools and other items. Please
tell me if you use any of the following items at home that :
are powered by a gasoline engine. We are not interested in |
any equipment you use at home which is powered by electricity.
Let's start with lawn mowers. Do you use a walk behind or
riding lawn mower which is powered by a gasoline engine?
How many? (INDICATE #)
Number |
Lawn mower - walk behind (1) D
Lawn mower - riding (2) 2
Tiller (3) | 3
Garden tractor (4) M
Lawn & garden equipment, such as: s
® Blowers (5) -
e Edgers (6) )
o Trimmers (7) ~ DN
e Shredders (8) 8)____
e Others (SPECIFY) (9 9)
' (10) 0
(11) n__
Chain saw (12) 12)
Alr compressor (gasoline or diesel) (13) 13
Electric generator (gas or diesel) (14) 14)
Other (SPECIFY)
(15) 15)
(16) 16)_____
(17) 1in___

(IF RESPONDENT OWNS ONE OR MORE PIECES OF EQUIPMENT LISTED ABOVE,b
COMPLETE ONE SALMON SECTION (SECTION 2) OF THE QUESTIONNAIRE FOR
EACH PIECE OF EQUIPMENT BEFORE RETURNING TO Q2. BE SURE TO INCLUDE

giEEIg#)ON THE TOP OF EACH PAGE. IF NO EQUIPMENT IS USED, GO TO
G . . :




Q2.

At your job, do you or any other working member of your house-
hold use any of the types of gasoline or diesel powered equip-
ment or tools I have just mentioned? (READ LIST AGAIN IF
NECESSARY. IF YES, ASK:) May I have that family membexr’s
first name? What is that person's (your) occupation? What
industry do they (you) work in?

Household
Memberx .Occupation Industry Tool or Equipment

(IF REPSONDENT USES EQUIPMENT AT HIS OR HER JOB, COMPLETE ONE
VERSION OF SECTION (BLUE SECTION) FOR EACH PIECE OF EQUIPMENT
MENTIONED. THEN GO ON TO PAGE 3 (NEXT PAGE). IF OTHER FAMILY
MEMBERS USE EQUIPMENT AT THEIR JOBS, ASK TO SPEAK TO THEM AFTER
FINISHING SURVEY WITH RESPONDENT. REMEMBER TO INCLUDE OCCUPATION
AND INDUSTRY ON EACH BLUE SECTION.)




Q3.

Qb.

Q5.

Q6.

Q7.

Q3.

Q9.

How, to group your answers with those of others, I need to know
what type of dwelling unit you live in. 1Is it a single detached
home, a mobile home, or a building with multiple units? (IF
MULTIPLE, .ASK:) How many units are attached together?

1 Single unit 4 5 or more units

2 Mobile home 5 Other (dorm, etc.)

3 2 - 4 units

Does your home have a lawn or garden?
1 No (SKIP TO Q6)

2 Yes, lawn

3 Yes, garden

4 Yes, both

Who does the landscape maintenance, 'you or someone outside
your family?

1 Own household

2 Outside service
Do you rent or own your home?
1 Rent

2 Ovwn

9 DK/Refused

How many people 18 years of age or older are living in your
household? '

Persons 18 or older

How many children below the age of 18 years are living in your
household?

Children under 18 years of age

Which of the following groups includes your household's total
income expected in 19827 |

1 Loss than $10,000 5 $40,000 - $50,000
2 810,000 - $20,000 6 Over $50,000
3 $20,000 - $30,000 9 DK/Refused

4 $30,000 - $40,000

Thank you very much for your time and cooperation.

(RECORD SEX OF RESPONDENT: 1 Male 2  Female)

18)

19)

20)

21)

22)

23)

24)

25)




ff‘erECTIONfzhe

Salmon .

W

:‘wand‘June,‘how often .
‘ere changed for_ea h wave)

feo#

Dld you acqulre 1t new or was 1t used

al2.

Q13.

(mo.

1‘ g I ‘2 _ Used

HOw old lS 1t7 (NOT HOW LONG HAVE THEY HAD. IT)

Years‘

Approx1mately how much. fuel does the tank hold7 (EX 4 QTS.)

No. & units - . =1

How often do‘you‘fill the fuel tank?’

tlmes per

months (1f 1ess than 1 year) #1‘h“_

DK -

(week month

'etc,)‘

115)




SECTION 3 (BLUE) County (L

OCCUPATION

INDUSTRY

EQUIPMENT ITEM

Ql.

Q2.

Q3.

Q4.

Q5.

Q6.

Q7.

Q8.

Q9.

How frequently do you normally use the (name of item) ?
times per . |
(no.) (week, month, etc.)
Each time you use the (item) , about how many hours do you

run the engine?

hours

What company made the (item) ?

Name of company

What model is it? g
Model
How many horsepower is the (item) ?
horsepowef

Does it have a 2-cycle or 4-cycle engine? (IF DON'T KNOW, ASK:)}|

Do you add oil to the gasoline when you add fuel? -
No. of Cycles or - Yes, add oil

No, don't add oil

——

How old is it?

Years | or months (if less than 1 year)

Approximately how much fuel does the tank hold? (EX: 3 QUARTS)
‘(units)
(no.) (measure)
How often do you fill the fiiel tank? (EX: 3 TIMES PER WEEK)

times per
(no.) (time period).

T

ID#
21
2
3)

4)

5)

6)

7)

8)

- 9)

10y

11)

12)

"13)



EXPLANATION OF THE SURVEY

"The voters require the California Air Resources Board tb
inventory all emissions of air pollutaﬁts -- including emissions
from small utility equipment. Up to now the Board has based its
inventory on information oEtained in the eastefn U.S., and they
want to find out about California use patterns so that they can
improve the inventory. The Board will aléo use some of this
information to estimate whether the pollutant emissions represent

N
a health hazard to the equipment operator

e
werdn ld
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APPENDIX B

ADJUSTMENT FACTOR COMPUTATIONS

B-1



The survey results indicated that ownership of utility
equipment was different in rental and owner-occupied housing.
In addition, the percentage of renters interviewed in this sur-
vey was less than the percentage of renters in the overall hous-
ing population. Accordingly, it was necessary to correct the
survey results so that they would represent equipment popula-
tions that should have been identified if a truly representa-
tive sample of households.had been interviewed.. This was ac-
complished as follows: |

1. From the survey results, equipment prevalence rates
were computed separately for rental and owner-occu-
pied housing units for the state as a whole and for
three sub-areas. These are tabulated in Table B-1.

2. Weighted average prevalence rates were computed using
published data on the proportion of owner- and renter-
occupied housing units in the area of interest.

Table 2-3 in the main body of the report gives prevalence rates
that have been corrected to correspond to published data on
owner/renter ratios. As a matter of general interest, Table
B-2 shows the prevalence rates before and after correction.

The reader should be aware that some prevalence rates for sub-

areas of the state are not statistically different from zero,

and corrections of these rates would be meaningless.
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